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This research probles consisted of two parts, The first part | 
was & study of the methods for the preparation of selenic seid, The 
second part was the development of o procedure using potassium seleno-— 
eyanate for the quantitative determination of eobalt. 

Selenie acid was first prepared in 1627 (3) by suspending lead — 
selenate in water and then precipitating the lesd with hydrogen sul- 
fide, The lead selenate wae prepared by fusing selenium dioxide 
with votassius nitrate, Insoluble lend selenate was foraed when 
lead nitrate was added to « dilute solution of the fusion, This 
precipitate was thoroughly washed with water after whieh it was sus- 
pended in water and treated with hydrogen sulfide, The lead sulfide 
thus obtained was removed by filtration, snd the resulting dilute 
aolution concentrated by boiling under diminished pressure, Selenle 
acid was alse prepared by suspending other setel selenates in water 
and precipitating the metal with on appropriate reagent. 

Selenic acid een be prepered by the anodie oxidation of selenium 
Gloxide, The eathode sclution is 5 W nitrie acid, with 35 greme of - 
selenium dioxide in 50 ee of water for the anode solution (7), How- 
aver, the selenic acid thus prepared La contaminated by nitric seid, "7 

Selenic acid may be prepared slso in over 80 per cent yield by 
the oxidation of selenium to selenium dioxide with nitrie seid (9), 
and then heating the solution with ehlorie acid (from barium ehlorate 
and sulphuric acid) to hot above 170° and finally in veeuo, From 
this method the final product may contain traces of chloride com~ 
pounds and Ba(liseOy)y. | 

Hone of the above wetheds is practical for the preparation 
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welenic acid because they give products contaminated with foreign 
fons. However, the following inpeetre produces relatively pure 
selenic acid. ; DNS 

ileyer and Heider produced selenite acid by treating selenius 
: dioxide with 30 per cent hydrogen peroxide end waraing the mixture 
oh a water bath, Forty-eight. per ‘cent of the oxide oxidized to 
selenite aeic, With lerger amounts of peroxide 70 per cent was oxi- 
dized. Gibbertson and King (5) improved the above method by add- 
ing goo oer cent excess erexide and sllowing the mixture to stand 
for %4 hours before refluxing in an all-glass apparatus for 12 
hours, Im this way a 90 per cent yield eculd be obtained, The 
peroxide and most of the water were removed by distillation on « 
steam bath under reduced pressure, 

The preparation of selenious acid is a rather standard pro- — 
-gedure, Red or powdered gray ‘Selenius is slowly added to conenn~ | 
treated nitric acid, The itutare ie then evaporated to dryness, The ~- 
erude selenium dioxide ean be ourlfied by dissolving in water and 
hydrochloric seid and repreeipitating the selenium with sulfur dioxide,” 
The purified selenius is then darried through a repetition of nitric. 
eed oxidation, An alternative svthod is to sublime the selenium 
dioxide away from the less-voletile oxides of impurities (1), 

The above review of the literature showed that there was only 
one method available fer the preparation of pure selenic acid, fow- 
ever, in this one procedure a SOU per cent exeess of hydrogen perox- 
ide wae necesesry, The present investigation was undertaken in ord 
te study the use of potassium permanganate and hydrogen peroxide 
as oxidizing agents fer the preparation of pure selenie acid, 7 
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foreign ions produced in these reagtions were renoved dl passing 
the solutions through a ouiteble resin, 

The second part of the work « eoncerns the complexes of cobalt 
with potessiusa selenoeyanate, Very Little work bas been done with 


potaselua pelenceyenste, By comparing the vesneysee of selenius 
compounds with the corresponding ‘pata: compounds, one would expect 
selenocyanate len to forse “complexes » with cobalt similor to those 

formed by cobalt and the thtoeyanste ton. West end DeVries (18) 
mention that a cobalt~selenoeyanate-water system hes an absorptancy. 
peak at $10 gu. In a wized medis there was a special absorptancy 

peak at 620 mu. SGinee o preliminary laboratory test showed that 

an intense blue color was produced by the cobalt selenoeyanate con- 
plex, this colored complex was investiguted te determine if it 

could be used for e quantitative cetermination of cobalt, The Beck~ 
wan spectrophotometer was used to measure the intensity of the , 


Golored complex, 


EXPERIMENTAL 
Preparation of Selente Acid 


The first step in the preparation of selenic acid was to pre- 
pare ® etandard sclution of selenious acid, This was done by ples. 
ing an excess of concentrated nitric seid in a porcelain evaporating 
@ieh, heating and slowly adding gray selenium, allowing it te dis- 
solve, The wixturs was then evaperated to dryness. The seleniua 
dioxide was dissolved in distilled water end the aixture again 
Waporated to dryness to rewseve any ebnen nitric acid, The puris 
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ealt was dissolved in water and placed in a glass stoppered flask, 

The selenious seid waa standardized by titrating it against a 
solution of sodium hydroxide of known normality, ethyl orange was 
used as am indicator in the beginning but since it was diffieult 
te recognize the end point Be changed to tetrabronm -m-cresol~ 
gulfonphthalein (bromo-cresol-~green}), This gave a better end point, 
A pH plot of the selenious acid titration is given in Fig. le A 
Beckuwan pH meter Model M was used for the pH determinations, Seleni- 
ous acid hag two pH breaka, one at a pH of 4,4-6,1 and the second 
one at a pl of 16-11, 

For the first runs of the oxidation of selenious acid with 
potassium permangenate, an excess of LOU per cent the permanganate 
was used, The weighed amount of potassium permanganate was added to 
& e@all volume of selenigus acid, The mixture was stirred for an 
hour and « half and then heated to 60-95° for 15 minutes, The 
reddish-brown precipltate was allowed te settle before the solution 
was filtered, A Buehner funnel and Whatman 42 filter paper were 
used for the filtration. The precipitate was washed and the solu- 
tion diluted to volume, fo remove the potassium and manganese ions 
the sulution of selenite acid was passed through a eolumn containing 
an fon exchange resin. 

the resin used was Amberlite 1° 100.) ‘The column was prepared 
by placing pyrex glass wool in the bottom of «a SO-milliliter burette, 
suspending the resin in a water solution and adding it to the burette. 


Aneain furnished by Rohn and Hass Company, Philadelphia, Penp 
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The reain settled te the bette of the burette and the excess water 
was drained off as sore of the suspended resin was added until a 
eoluan of desired height vas rosened, The resin was then cherged 
with hydrogen tons by elowly passing a@ five per cent solution of 
hydroeblorie seid through the ‘column, The amount of acid needed wae 
determined by experience. After the aeid was run slowly through 

the resin it was washed with dteti2ies water to remove the excess 
hydrochloric acid and the chloride ions, The effluent was checked 
with silver nitrate to make sure thet all the ehloride fons had 

been reuoved from the resin, The water Level was kept above the 
Level of the resin that no air bubbles would form in the resin, alr 
bubbles cause channelling and cut the effieleney of the resin, 

The selenic acid solution was added to the eoluan and allowed 
to pass slowly through the resin, As it passed through the resin — 
the hyérogen fons were replaced by those of potassium and manganese, 
The resin had a greater effinity fer the manganese, then petesslum, 
and @ greeter affinity for the potassium ‘than for the hydrogen fon _ 
due to the relative charges and Lonie radis of the fons entering 
inte the exohange, EBnough woter must be added to wash the last of 
the selenic acid from the resin, it ts of course necessary to keep 
within the capacity of the resin or some potassium ions will be 
found in the solution, 

To eheok the efficiency of the resin a speetrographic analysis 
was run on the selenic acid solution, A Bauseh and Lomb large e 
Littrow sestrograph was used, ‘The selenic acid solution hed been 
separated Into four five-williliter portions as it cane from the Ag 
‘e#in, and was shown to contain, for all practical purposes, no 
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mangemese ions, The flame at nt 
were no ootassium ions presenta: “On a  five-milliliter portion that 
was not rup through the resin ‘both manganese and potassium fons 
were found to be present in Lerge quantities, 

‘The reddish-brown prechpitate was soluble in hydrogen peroxide, 
The precipitate was enalyzed for Manganese, selenium and selenate, 
It was weighed inte three saaples and dissolved in 30 ser cent hydro- 
‘a } manganese the solution was heated 


gen peroxide. ‘To preek; tate the: 
to bodling and concentrated semontin tydroxide was added slowly tntil 
the solution was lightly bese to Litmus paper; after five to ten 
minutes, the hot solution, was filtered through Whatman 42 filter 
‘paper. The filtrate was éheoked: with ammonium hydroxide for con- 
plete precipitation, The paper wae placed tm a weighed erucible, 
eharred snd ignited, The preelritate was weighed as a mixed oxide 
(ating 04) » 

The selenate lon was precipitated as silver selenate, Silver 
selenate is much less soluble than silver sulphate at a pH of 6-7, 
and ag little as 107° allligrems of sodium selenate suffices to 
give a preclpitate (11). an exeese ef silver nitrate was added to 
the hydrogen peroxide solution of the precipitate and allver selen- 
ate precipitated, The silver selenate was filtered in a weighed 
sintered-glase erueible and the filtrate checked for more selenate 
ion with additional silver nitrate, ‘The precipitate was washed with 
acetong, dried at 110° and weighed ag silver selenate, The noles 
of selenate present were then calculated. 

For the precipitation of selenium, the peroxide solution was 
meade strongly acid (6 H) with hydrochloric ecid and an exeess of 


ie ey 2 
solid sodium sulfite was added, The red seleniua wes filtered through 
a weighed sintered-glass cruedble and washed with water, The fil- 
trate was checked by adding more hydroehloric eeid and sodium sul- 
fite, The selenium was dried at 110° and the moles of selenius 
present esleulated, The red selenium changed to the gray fora on 
heating. For best results the peroxide solution should be concen- 
trated ag much as possible before adding the acid end sodium sulfite, 

By couparing the moles of manganese, selenium and selenate it 
was posaible to suggest a formula for the preeipitate, It 1s be~ 
lieved that the precipitate was manganie selenate, However, when 
larger excesses of potassium permanganate were used it seemed that 
some manganese dioxide appeared, This amount was small and the 
weight of the mangenie selenate remained about the sane, 

fhis wethed of preparing eelenic seid was not regarded as 
\ feasible since the appearance of an appreciable amount of manganie 
‘selenate in the precipitate would esuse the yield of selenic acid 
to be too small, 

It was decided te improve the hydrogen peroxide method of 
preparing aelenic seid by cutting down on the large (S00 per cent) 
exeess of hydrogen peroxide used in earlier work, The earlier aethod 
wes run in an acid solution, A known smount of selenious ecid was | 
brought to a pl of 7.8 to 8.5, with ammonium hydroxide, sn axeesdie 
of 100 per cent of three per cent hydrogen peroxide was slowly added — “6 7 
with stirring to the basic solution, There was an inerease of about 
26 degrees in the teuversture indleating that the reactioniwas exo- 
theraie in nature, The aixture was allowed to stand sbout three 
‘hours and then evaporated to half its volume to remove exeess 


hydrogen peroxide or smonivn ik . The solution was then run ee 
through the ion exchange resin to renove the ammoniua Lons present, 4 
A modified Kjeldhal method Was used to determine the effective- 
ness of the resin, Ten #illiliters of the selenic acid was placed 
im a 1l0Q-*milliliter Kjeldhal flask and made atrongly basic with con- 
ecentrated sodium hydroxide, Ten milliliters of 0,1 8 sulfuric seid 
was used to catch the vapors and distillate.. The sulfurle acid 
was then back titrated with dilute godiue hydroxide. It was shown 
that the ton exchange resin amberlite IR 100 was ineffective for re- 
aoving the excess ammonium ions present in the selenite seid solution, i 
It was necessary, therefore, to find « resin with a higher 
capacity for sawonium ions, This was done by preparing columns of 
different resins, a8 described before, and passing 100 milliliters 
of one solar amuon tui chloride solution through: the resin, colleet- 
ing it in lo-milliliter samples amq@ using the Kjeldhel method te 
} cheek the effluent, The lon exchange resin Amberlite Ih 120 was 
chosen, 
after the selenic acid solution had been passed through the new 
regin end checked for ammoniua content it was standardized by ti-~ 
treating with « standard solution of sodium hydroxide, using broso- 
cresol-groen aa the indicator, Selenite acid should have but one pH. 
break running from about 4 to lo (Fig. &). Bnowing the normality of 
the selenious acid used and that of the selemie acid formed tt was 
possible to calculate the per cent of selenious acid oxidized, by 
plotting the pH against the silllliters of base added a graoh was 
obtained which showed that there was still some selenious acld/present 
There were two pli breake in the graph (Fig. 3), It 1s belioved that 
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the first pH brewk was due t9 alt the selenio acid and half the 
selenious seid that were presents. i deve runs were asde with inereas- 
ing saounts of peroxide, It was. shown that the same amount of per- 
oxide was needed for this aetnod of preparation as for the acid 
method of preparation. vhen the solution was allowed to stand for 
two hours before heating, the yield of selenite acid waa a little 
better but still too low to be used, It was shown also that as the 
goncentration of the base Inereased the oxidation of selenious acid 
decreased, thus indieating that the hydroxide decomposed the hydro- 
gen peroxide, Therefore, this sethod of preparation was aleo éis- 
warded as iapracticable, 


hetermination of Cobalt 


A etendard solution of potassium selonceyamate was prepared by 
the method given in Inorganic Synthesis (4). after the potassium 
gelenceyanate wns erystallized, Lt was dissolved in acetone and 
stored in a glass stoppered flask, The solution was standardized 
by adding eoncentrsted hydrochlorie acid to a sample of the solution, 
This precipitated red selenium and gave off hy@regen cyanide vapors. 
fhe selenium was flitered, dried, and welghed, The concentration 
_ of the potassium selenocyanate could then be exlculated, 

the solution of ecbalt was made by weighing out an amount of 
eobslt sulfate and diluting to veluwe, The eoneentration of eobalt 
was @hecked by electrolytic deposition of cobalt on a platinus 
electrodes, 

Complete absorption curves were obtained for varying coneen- 
trations of cobalt and the standard selenocyanate, eobalt and water, 
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and cobalt end potassium cyanide, (The cobelt and sclanoeremste, 
a blue solution, showed « peak at 610 mu (Pig. 4). The eobalt and 
water mixture showed « small ebsorption at 510 mu but not at 610 au, 
The cobalt and potassium cyanide mixture showed no absorption at 
all. The spectrum was seanned from 400 to 800 mu, The cobalt and 
ootassiua selenoecyanate showed another rise in absorption at 420 au 
and was still rising et 400 mu, It may be that the mixture has am~ = 
other peak in the ultra-violet region of the esectrum or it may just 
tise to infinity. 

The colored complex was investigated to see if it followed 
Beer's Law, Different amounts of cobalt were dissolved in 10 milli- 
liters of water and added to 25 milliliters of the a¢etone solution m 
of potassium selenocysnate, The mixture was then diluted to S668 . ag 
milliliter volume with 16 millilitera of acetone, By plotting the ar 
Optical density against the milligrams of eobalt per 50 milliliters 
of solution it was show that a straight line resulted, proving 
that the complex followed Beer's Law (Pig. 5). ‘The same series 
of cobalt concentrations were used to muke up @ similar solution 
except diluting with 15 milliliters of water instead of diluting 
with 15 milliliters of sestone, Although this resulted alse in a 
Straight line the values were considerably lower than those of the 
acetone solution, I[t is believed that these lower values were due 
to the greater dissociation of the sonnhes dn the water solution 
than in the secetone sclution, 

It was then necessary to ‘Gtudy the effect of other fons on the 
complex, Copper, kead, pagnesius, nickel, tin, ferrous and ferric, 
gine and monganese were studied. Galts of these aetals were weighed 
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baited a grr Femained the sane 
Ria of potessinn selenocyanate, 
10 milliliters of ‘wate, saan of acetone for a totel 
= complete absorption sean vas made of 
the jidubions to see if they hd @ characteristic absorption peak, 
The cupric end ferrie complexes. “showed some absorption at 610 mu 
but the other fons showed very Little absorption there, The solu- 
tions are described in the tables below, 


Table 1. The solutions of the Antertertas tons and potassium seleno~ 
cyanate, 


: 3 

The complexes of : Solution : Preeloitate 
Lead salt Clear and faintly none 

ja Llow 
Cupric salt read changing to 

selsrieni ; red 
WMagheslua salt colorless white 
Stannous salt yellow white, formed 

on standing 

Ferrie aalt colorless red 
Ferrous salt eclorless red 
Manganese salt. Clear and ¢olorless none 
Zine salt visrged faintly none 

pink 


: 


ve 


fable 2, The solutions of the Interfering ions and the sobalt~ 
potassium selenceyanste complex, 


t Na ate : t 
Solution of : Selution color t Pregipitate 
ee ee : 
head seit remeined blue none 
Cupric aalt remained blue brown 
Magnesium gelt remained blue white 
Stannous salt  greenieh white 
Ferric salt greenish green 
Ferrous salt greenien green 
Yengenese salt remained blue none 
yime salt teusined blue none 


‘a the fons exeept zine abd manganese ¢aused noticeable inter- 
ference with the reading of the Beekman, On redueing the concen- 
tration of the ions ds, was, Cound that; Lead caused relatively no 
interference when two milligrams as Less was present, The rewain- 
ing tons continue to show interference even in dilute solutions, 

To check this method of determining cobalt 10 samples of a 
cobalt salt were weighed and dissolved in 100 milliliters of water, 
Ah potasaium selenceyanate complex was then made with a 1l6-cilliliter 
sample of this solution, A calibration eurve was drawn and the . 
amount of cobalt present in the 10 known samples was calculated in 
Table 3. 
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Table &, The analysis of cobalt using potassium selenoeyanate as 
complexing agent, 


: t 
Sample ; Weight of cobalt e Weight ef cobalt +: Zrror (mg) 


: teken (mg) ¢ found (mg) z 

4 Sek 2,0 Oelk 
& 1.8 1.3 0.90 
é Let my 0,0 
4 1.6 1,5 0,0 
$ 1.3 1,3 Oe 
é 1.0 1d Od 
7 0.8 0,9 ° 
8 9.6 0.7 Ok 
8 O64 044 0.0 
id G.8 Od 0,0 


The effect of temperature on the complex was studied also, The 
optical density at 10° was 0,602, at 25° it was 0,585, and at 38° 
the optical density was 0,577, Therefore, it seeme that strict 
control of temperature is not needed, However, there should be no 
large change in temperature. 

The reproducibility of the method was checked by placing the 
seme welght of cobalt salt in four solutions ef the potassium seleno- 
cyanate and then taking the readings, Hesults are shown in Table 
%. Although the first one is a little in error the other three 
samples are in very good agreenent. 


Table 4, the reprodugibility of results. 


5 45 : 
Saaple t Optical density $ Weight of cobalt 
t $ taken (mg) 
ieee eee aerate eae ememnnemmeetenen tenes tineena enon ee ER in 
ry 0.746 ke 
é 0,740 Asi 
4 0.738 ‘ae 
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DISCUSSION 

the preparation of selente acid ereved to be impracticable, 

When potassium permangenate was used. ‘The precipitate of manganie 
gelenate was the determining factor when potasslum permanganate waa 
used, With different amounts of permanganate the amount of the pre- 
elpitate remained feirly constant. However, with very lerge amounts 
of permanganate there seemed to be some manganese dioxide formed, 

It is believed that this was due to the decomposition of the potassium 
permanganate, The amount of wangenic selenate formed remained the 
same, 

The hydrogen peroxide method proved to be impractical because 
a large excess of & per gent hydrogen peroxide was needed to ob- 
tain complete oxtdntion of the selenious acid to seleniec acid, Even 
with a 100 per cent excess of peroxide there was only about a 50 
per cent oxidation. With larger excesses the emount of selenious 
acid oxidised increased to elnost. 200 per cent. The amount of an- 
monium hydroxide sdded also had an effect upon the amount of peroxide 
needed, The higher the pH the more peroxide was needed. This great- 
er need for peroxide is due to deeomposition of the hydrogen perox~ 
ide by the excess hydroxide. When the pH was kept below eight the 
percentage of selenious acid oxidized inereased considerably, 

The effect of the oH on the fom exchange resin is also worthy 
of note, When the selente acid is first added to the resin the pH 
of the solution iz high due te the ammonium fons present, As the 
atid passes down the resin column the amuonium fons are resoved and - 
the pH of the solution changes from seven to about one and a half 
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or two, As the pi of the solution decreases the eapacity of the 
resin also decreases, The wost effective pH range for this resin 
is 4 ov above, Hither another resin must be found that is effected 
Less by pH change or a large: kevunt of jmberlite If 120 must be 
used before one can be sure of removing all the aasonius ions from 
the solution, | 

‘The determination of cobalt using potassium selenooyanate seems 
to be valid, The mettod has its concentration limits but some ad- 
justment can be made by changing the concentration of potassium 
selenceyanste, The increase in the eoneentration of selenoeyanate 
raises the Limit of cobalt concentration, The complex is definite- 
ly related to the relative concentration of the cobalt and selene~ 
eyenate, If the coneentration of selenceyanate iz too saall the 
eobalt forgs a compound that will preeipitate from the sclution, 


The concentration limit can be lowered by adding &@ known amount of Bia 


cobalt, 

Zine and manganese cause no interference with the determination 
of cobalt. By keeping the eoneentration of lead small it will 
cause no interference, The other metals, copper, aiekel, tin, mag- 
nesium and iron, aust be removed, However, it would not be neces- 
sary to remove these metals quantitatively, If the coneentration 
of the interfering lon is very low there will be Little or no 
interference. 

It is suggested that there might be a possible peak for cobalt, 
lead, iron, snd copper in the ultra-violet region, All of these 
metals show an increase in absorption ot 400 mu, However, it is 
possible that instead of « pesk being forsed they may go en to 
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infinity, a 
Indications are that thts method Le reproducible, The errors 
made in determining cobalt roa ‘the known #olutions fall also 

. within the experimental errors of we te i, dilution, graphing and 


the reading of the Bodikman Spaetrophovonstor. 


: a 


1, Potassium permanganate was used to oxidize selenious acid 
to selenic acid but the yield was poor due to the preeipitation of 
manganic selenate,. 

2. The hydrogen peroxide method cannot be used ae a practical 
oxidizer of selenious acid because of the Large exeess of hydrogen 
peroxide needed to obtain a hundred per cent oxidation, 

&. A method for determining cobalt using potassium seleno~ 
eyanate as the complexing agent wae established, The limits were 


found to be determined by the concentration of the potassium seleno- . 


oyanate, 
& The interference of sight motala was studied and discussed, 
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Two methods of preperation tor selente acid were studied. The 
first using potassium permenganate a6 the oxidizing agent proved to 
be unsatisfactory due to the precipitate of manganic selenate, The 
potassium perwangenate was added to « know amount of selenious 
acid, stirred for about three hours ‘ani then heated gently for a 
half an hour, The reddish-brown precipitate was ellowed to settle 
pefore being filtered, The potassium and manganese Lona were re- 
moved from the selenic acid solution by being passed through en ion 
exchange resin, AuberLite IR 100, A Bauseh and Lowb large littrow 
spectrograph wes used to show that the lon exchange resin removed the 
potassium and manganese ions. 

The reddish-brown precipitate was checked for selenium, selen-~ 
ate end mangenese content, Thirty per cent hydrogen peroxide was 
used as the solvent, Gelenlum was precipitated by making the solu- — 
tion acid with concentrated hydroehlorie acid and adding solid sods 
sulfite, Silver nitrate wae added to precipitate the selenate as ee 
silver selenate, To precipitate the manganese the solution was made 
basic with emmonium hydvexide and the mengenese was precipitated as 
4 mixed oxide, The mole ratio of the selenium, selenate end sangan- 
ese indicates that the precipitate was mangenie selenate, 

fydrogen peroxide was used as the oxidizing agent in the second 
wethod of preparation, The solution was made slightly basic, pH 
7«8,5, with concentrated ammonius hydroxide, A hundred per cent 
excess of three per cent hydrogen peroxide was slowly added with 
stirring. After a period of three hours the solution was heated to 
remove the excess aumonium hydroxide and hydregen peroxide, The 


amsonium fone were removed by passing the solution through another 
ion exchange resin, Auberlite In 120. A modified Ejeldhal methed was 
used to determine the effectiveness of the resin, This method of 
preparation was ineffective because of the excess of peroxide needed 
to obtain 100 per cent oxidation, 

A colorimetric method of determining cobalt using potassiua 
selenocyanate as the complexing agent waa investigated, A complete 
scan of the absorption spectra showed that the complex of cobalt had 
a peak at G10 mu. A Calibration eurve plotting optical density 
veraus the milligrams of ecbalt proved that the complex obeys Beer's 
Law, It also showed that when water wag used ag the solvent in- 
stead of acetone there was less absorption, This was due te the 
greater dissociation of the complex in the water solution than in 
the acetone solution. 

The interference of lead, copper, tron, tin, manganese, nickel, 
and magnesium were studied. Tin and sanganese showed no interference 
with the complex, If the concentration of lead wats kept below two 
milligrams it eaused no interference, However, the other ions all 
showed interference with this method of determining eobalt, [If the 
concentration of these lons are small enough it is believed that 
they will cause Little or ne interference, 

While a change in temperature wihl cause some difference in the 
reading of the Beckuan spectrophotometer ne strict teaperature 
control is needed. The reproducibility of results was very good, 
While the wethod has some concentration Limits they ean be extended 
by several deviees. The concentration of the potassium selenocyanate 


gan be increased; o stall portion of the unknown cobalt can be used 
or if the cobalt concentration is too amall a know amount of cobalt 


ean be added, ; 
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